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1.0 INTRODUCTION

This report addresses the safety items which have been considered with re-
spect to the design, fabrication and operation of the BNL 24.8 kW Helium Refrig-
erator. This refriger;tor was intended to serve the magnets for the
ISABELLE/CBA project. With the preseut uncertainty as to its final use, no at-
tempt has been made in this report to describe any parts of the cryogenic system
(i.e., the helium distribution system and the magnet/cryogenic interface) beyond -
those required for the refrigerator acceptance test. The acceptance test is to
verify that the equipment supplied by the vendor meets the BNL specification.
This report will describe the architectural features of buildings which enclose
this equipment, the refrigerator itself and the principal hazards associated
witﬁ the operation of this equipment.

This refrigerator is the latest and largest of a series of 4.5° helium re-
frigerators owned and operated by BNL. Some very small liquefiers were used in
the Chemistry Department for a number of years prior to 1966 when the first
closed-cycle helium refrigerator (175 W) began operation at BNL. This refrigera-
tor is still in use today (Bldg. 902). Since then several refrigerators with
100 W capacity have been installed at BNL and also refrigerators with capacities
of 700 W, 1580 W, 600 W and 1100 W. All of the larger refrigerators were in-
tended to provide the necessary cooling for a magnet or a system of magnets for
the Accelerator Department.

There have never been any accidents associated with the operation of any
of these refrigerators. Cumulatively they have been operative for about 65
years.. While the new refrigerator dwarfas the old ocnes in size, it shares with

them the feature that it does not represent a significant hazard beyond that

found in many other industrial-type enviromnments of equivalent size.




The refrigeration equipment is installed in two buildings and the out-of-~
doors areas adjacent to those buildings. The Cryogenic Building is wall-to-wall
with the Collider Center and contains the cold boxes (vacuum-jacketed enclosures
for the heat exchangers, valves, etc.) and their ancillary equipment
(turboexpanders, adsorbers, etc.). Nearby is the Compressor Building which con-
tains the helium compression and gas handling equipment. A large cooling tower
is provided to reject the heat of compression which is transferred to the
cooling water. Two pipes counect this equipment with an existing gas storage

area formerly used to store gas for the 80-inch and 7-foot Bubble Chambers.




2.0 FACILITY DESCRIPTION

2.1 Architectural

The Helium Refrigerator System is housed in two structures which are
part of the Collider Center Complex, See Figure 2-1,

A, The Cryogenic Building (Qee Figure 2-2 and 2-3) is a high bay, con-
crete block building of approximately 7,000 square feet and is located immedi-
ately west of and coatiguous to the Collider Center. Though contiguous, the two
buildings are structurally separate to insure acceptable acoustic levels in the
Collider Center. The Cryogenic Building inclndes an 18-foot by 50-foot truck
service platform. Access is throuﬁh a 12-foot by 12-foot roll-up door.

The entire area of the Cryogenic Building is serviced by a 10-ton
overhead bridge crane. The truck service platform and adjacent cryogenic equip-
ment mezzanine is at the same floor alevation as the ground floor elevation of
the Collider Center. The mezzanine floor has an area of approximately 3,000
square feet and is comprised entirely of removablie steel grating sections.

The 6000 square foot cryogenic equipment floor is located 10 feet
below ground floor level and is also serviced by an overhead 10~ton crame.

The exterior of the building is comprised of concrete block with five
approximately 16 foot square openings on the north side through éhich the Cold
Boxes were installed. These openings were then sealed to the vacuum tanks of
the Cold Boxes.

The roof system is comprised of a 3-ply built-up asphalt and felt mem-
brane over insulation and metal deck and topped with aggregate surfacing. Drain-
age is accomplished by a system of roof drains carrying water below grade to a
pumped ejector thence to a manhole located outside the north side of the build-

ing.
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Cryogenic Building Plan
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B. The Helium Compressor Building (see Figure 2-4) is s one story,
high bay, concrete block structure of approximately 10,000 square feet floor
area. It houses the helium compressors and their associated equipment. It is
located northwest of the Cryogenic Building.

The entire.floor area is serviced by a 10-~ton overhead bridge crane.
The building exterior, roofing and drainage systems are the same as described
for the Cryogenic Building. A motor control center appendage is located on the
south side of the facility and is of asimilar concrete block construction.

2.1.1 Site

The Cryogenic and Compressor Buildings are located north of and
parallel to Sextant 5 of the Accelerator Magnet Enclosure. The complex is
accesgsed from the main laboratory site through Railroad Street and the Perimeter
Road (see Figure 2-1).

2.1 #}Stmctural

The structural systems of the Cryogenic and Compressor Build-
ings consist of 50-foot trusses with long span steel joist purlins supportiang an
insulated metal deck roof. Both systems support a 10-ton bridge crane éervicing
the entire floor area.

In addition the Cryogenic Building has a removable structural
grating floor at grade elevation to support cold box turbine pods and piping.

2.1.3 Exits

A. Cryogenic Buyilding exits are &s follows:

1. 3'-4" x 7'-2" hollow metal door and adjacent 12' x 12'

roll-up door on the north side at northeast corner.
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2. 3'4" x 7'-2" holiow metal door on the west side at the
northwest corner.
3. 3'<4™ x 7'-2" hollow metal door on the south side at
the southeast corner.
B. Helium Compressor Building exits are as follows:
1. 3'-4" x 7'-2" hollow metal door and adjacent 10' x 10°
roll-up door on the east side at the northeast corner.
2. 3'-4" x 7'-2" hollow metal door and adjacent 12" x 14°
roll-up door on the weast side at the southwest corner.
3. 3'-4" x 7'-2" hollow metal door on north wall, approxi-
mately 90 feet from the west end. |
4. 3'-4" x 7'-2" hollow metal door on south wall, approxi-
mately 20 feet from the east end.
5. 12' x 14" roll-up door on north wall, approximately 150
feet from the east end.
2.2.0 Utilities
2.2.1 Heating
Heating for the Cryogenic Building is accamplished through the
use of 3 thermostatically controlled overhead steam unit heaters. Two 1700 CFM _
units are located over the floor space and one 750 CFM unit is over the roll-up
door.
Heating for the Helium Compressor Building is accomplished
through the use of five thermostatically controlled overhead electric unit
heaters. Three 2500 CFM units are located over the floor space and 1250 CFM

units are located over the east end and the west end roll-up door.




2.2.2 Ventilation and Emergency Exhaust System

In the Cryogenic Building both ventilation and emergency ex-

haust are provided by two 25000 CFM fans operated by a space thermostat
-('Hand/bff/Automatic" Switch). Fan control switches are located at each person-—
nel exit door and in the Control Room. The building volume is 240,000 cubic
feet so there is an air change every 4.8 minutes when the fans are operating.

In the Helium Compressor Building boéh ventilation and emer-
gency exhaust are provided by four 25000 CFM fans operated by a space thermostat
("Hand /O£f /Automatic™ Switch). Twﬁ 12500 CFM gound attenuators are provided for
each fan. Fan control switches are lqcated at each personnel exit door and in
the Control Area. The building volume is 260,000.cubic feet, 3o there is an air
change avery 2.6 minutes when the fans are operating. |

2.2.3 Electrical Distribution

In the Helium Campressor Building two 12000 kVA substations,
13.8 kV to 4160 volts supply power for the helium compressors. The building is
serviced by one 1500 kVA substation, 13.8 kV to 480 volts.

The Cryogenic Building is serviced by one 2500 kVa substation,
13.8 kV to 480 volts.

All control instrumentation is fused and properly grounded.
The thres-phase wye-connected loads are powered through properly sized fused
di sconnects,

Emergency (battery powered} lights will illuminate stairways

and exits in case of power outages,
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2.2.4 Water Distribution

Domestic and fire protection water in each building is
furnished by a combination 8-inch ductile iron water line extensiou from the
10-inch ductile iron water main loop adjacent to the Perimeter Road.

2.2.5 Fire Detection and Protection

Fire detection in each building is furnished by use of rate of
rise thermal detectors.

Fire protection in each building is furnished by a wet pipe
sprinkler system.

2.3 Cryogenic Facility

The cryogenic hardware for the 24.8 kW refrigerator and compressor
facilities is béing supplied and installed by Roch Process Systems (KPS),
Westborough, Magss. according to BRL specifications. Only the control computer
and some minor items are supplied by BNL.

A Block Diagram for the system designed by BNL is shown in Figure 2-5,
Until magnets are installed in the tunnel, the refrigerator will only be run
in a test mode (see Figure 2-6) in which the load is provided by elactric
heaters (calorimeters) and air-to-gas heat exchangers. These are provided as
part of the supply by Koch. The calorimeters are built into the refrigerator
cold boxes and the heat exchanger will be located out-of-doors.

The cryogenic plant is divided mechanically into two major segments,
the refrigerator and the compressors. The control of these two segments is by

8 central computer in order to ensure that they run in comcert.
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2,3.1 Compressor Section

2,3.1.1 General

The helium compressor system is composed of several
major elements. Included are tweaty—six helium compressors, intercoolers,
aftercoolers, oil removal system, vacuum pumps, buffer tanks, cryogenmic purifier
and instrument gas compressor, Figure 2-7 shows many of the various major ele-
ments in the system.

Figure 2-8 shows the location ¢f the major system com-
poneants in and around the compressor building. First stage compressor skids are
aligned along the north and south walls beginning at the East end of the build-
ing. The second stage compressors are located along the north wall in the west
part of the building. The purifier is located in the northwest corner of the
building. The computer control room and gas management panels are in the
southeast corner. Utility compressor, vacuum skids, redundant compressor
intercoolers and aftercaolers are located along the western portion of the south
wall. Motor control centers and control paﬁel are located ian the building addi-
tion located on the south wall. Buffer tanks are located outside along the
building's north wall. Pinal oil removal equipment and the oil management sys—
tems are located outside by the southeast corner of the building.

2.3.1.2 .Main Compressor

Two atages of compression are used to compress the he-
lium required for the refrigerator. Oil-flooded rotary screw compressors are
used in both stages.

The first stage screw compressors are mounted two on
a skid with their motors, and a bulk oil separator, circulating lube oil system,

piping and controls. Each compressor skid is a self-contained system capable of

14
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operating by itself and it is not dependent upon the operation of components on
any other compressor skid. This modular approach simplifies start-up and pro-
vides efficient turn-down capabilities by operating only those compressors

\
needed.,

The second compression stage is comprised of four
screvw compressors operating in parallel. The second stage compressors are
connected by a common suction manifold and a common discharge manifold. The sec-
ond stage discharge stream proceeds to the aftercocler heat exchangers. Four
water—cooled shell and tube heat exchangers cool the helium stream prior to
entering the aerosol oil removal coalescers, oil vapor charcoal adsorbers and
final particulate removal filters. The second stage screw compressors are indi-
vidually mounted with each skid cdntaining its compressor, 2250 HP motor, bulk
0il geparator, circulating lube oil system, oil cooler heat exchanger, piping
and coﬁtrols.

Redundancy of the compressor skid components is pro-
vided by a separate complete compressor skid capable of replacing a first or sec-
ond stage compressor. The redundant compressor skid configuration is similar to
that of the second stage compressor skid.

The four intercooler heat exchangerg are mounted on a
single skid with factory-iﬁstalled isolation valves, interconnecting skid piping
and instrumentation. The aftercooler heat exchanger skid is arranged in the
same ﬁanner as the intercooler heat exchanger skid.

2,3.1.3 0il Removal
Bulk 0il separators are located at the discharge of

each compressor. A combination of gravity separation, demister pads, and

17




coaiescing filter reduce oil conteat to less than 200 ppm in the helium gas
exiting from the bulk separators, and minimizes oil return requirements.

Four stages of coalescing filters, in series, remove
entrained oil droplets from the helium stream exiting the aftercoolers. 0il
vapor that may remain in the helium is subsequently removed in a charcoal
adsorber bed following the final coalescing filter. The clean high~pressure he-
lium stream leaving the charcoal bed then passes through final particulate re-
moval filters and proceeds to the cold box.

Redundancy is provided by organizing the coalescers,
charcoal adsorbers, and particulate filters into three half-capacity trains. Any
two trains can be on line, with the third in standbdy.

2.3.1.4 Cas Management

The gas management system is designed to efficiently
accomplish evacuation, purge and backfill, startup and system cooldown, normal
steady state aystem operation, system warmup, helium transfer, purification and
storage, maintenance and repair.

Each major componrent in the Helium Compressor Station
can be isolated for evacuation, purging and backfilling. Evacuation is accom-
plished by closing the component's isolation valves and opening the component's
valve to the vacuum header. The Helium Compressor Station can ba isolated from
the cold box. Interconnecting piping, discharge and suction headers can be
treated in the same manner as any other major component.

After the component has been evacuated, backfilling
with helium car be done by opening the valve to the purge header. Once the com-
ponent has been been backfilled with helium, the cryogenic purifier can be used

for final cleanup. A closed loop path from the isolated component to the cryo-
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genic purifier, then to the utility compressor, then to the purge header and fi-
aally back to the component is provided. The main helium comp?essors cag ¢ircu-~
late by themselves or use the utility compressor for final cleanup through the
purifier.

During the cold box cooldown, make-up gas will come
from existing gas storage facilities to the cryogenic purifier. From the cryo-
genic.purifier, the clean helium makeup enters the buffer tanks and Einaily
enters the main compressor suction header.

The main helium compressor system can be operated
independently from the cold box. Full-flow bypass lines are provided from the
high pressure discharge header to the medium (interstage) pressure header and
from the medium pressure header to the low pressure suction header., Pressure
control valves and instrumentation are provided to allow stable automatic con-
trol of the header pressures,

The suction buffer tanks are horizontal pressure
vassels,.piped in parallel with each tank having its own isolation, purge and re-
lief valves. Buffer tank headq;s are piped directly to the main compressor suc-
tion header. The buffer tanks can be evacuated, purged and cleaned in the same
manner as any other major component in the system, and used for either storage
or as a buffer volume.

2.3.1.5 Piping

Piping for the Helium Compressor Station is designed,
fabricated and tested in accordance wi;h ANS] B3l.1 Power Piping requirements.
All major piping was analyzed to the requirements of ANSI B31.3 Chemical Plant

and Petroleum Refinery ?iping requirements.
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Interfacea between components and process piping are
welded wherever possible. Flanged comnectiouns, where required, use "0"-ring
seals.

All piping subject to thermal cycling has been stress-
analyzed. A detailed finite element analysis of pressure, dead weight, thermal
and vibration stresses has been done with particular attention given to piping
connected to the compressor caging.

2.3.1.6 Purifier

The cryogenic helium purifier is a self-contained
skid-mounted system designed to purify 250 grams per second of heliuﬁ. The puri-
fier utilizes coalescing filters to remove oil droplets in the influent helium
stream. Large capacity dual plate fin heat exchaﬁgers freeze—out water vapor as
the helium is cooled. The helium is further cooled injtwo more plate fin heat
exchangers. The helium then enters one of the dual, liquid nitrogen-~cooled char-
coal adsorbers where any air or nitrogen is removed. The clean helium stream is
then warmed up in the plate fin heat exchangers and returned to the main process

stream.

2.3.1.7 Utility Compressors

| The utility compressor is an oil-flooded rotary screw
compressor which operates im conjunction ﬁith, or independently from the wain he-
lium compressors. The utility compressor is skid-mounted and has its own
dedicated circulating lube oil system and oil clean-up system. The aerosol oil
removal syatem has four stages of coalescing filters, a charcoal bed to adsorb
@il vapor, aud a final particulate filter.

The instrument gas compressor is also an oil-flooded

rotary screw compressor. The instrument gas compressor is skid-mounted and has
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its own lube o0il system and instrumentation and controls for unattended opera-
tion. The instrument gas compressor is supplied with nitrogen gas from the cryo-
genic purifier boiloff or from the nitrogen dewar vaporizer. The instrument gas
compressor supplies gas to meet all pneumatic requirements of the Cryogenic Sys-
tem in the Cryogenic and Compressor Buildings.
2,.3.1.8 Vacuum Pumps

Three vacuum pump skids are provided to meet the vac-
uum requirements of the Helium Compressor Station. Each skid has a single vac-
uum pump with all piping, instruments and controls required for proper opera«
tion. The exhaust from the pumps is piped outside of the building. The vacuum
pump skids are manifolded in parallel such that each pump ;an be used in place
of any other pump. One vacuum pump skid will normally be reserved for the reac-
tivation procedures of the cryogenic purifier system.

2.3.2 Cold Box Section

2.3.2.1 General Description

The refrigerator system utilizes the Claude cycle,
without liquid mitrogen precooling, to simultaneously supply the following
refrigeration capacities:

1. 55,000 watts at 15 ATM and 40 K supply to the load
shield circuit with a 9.7 ATM and 69.5 K return conditonm.

2. A primary load mass flow of 4154 g/s of
supercritical helium at 2.59 K and sccepting 4054 g/s return flow at 4.19 K,

3. A mass flow of 100 g/s removed from the primary
load circuit for electrical lead and other cooling loads and returned to compres-—

sor suction, at near ambient conditions.
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2.3.2.2 Physical Arrangement

The cold box section of the refrigerator is comprised
of heat exchangers, piping, dual impurity adsorption equipment, turbine
expanders and turbine compressor. See Figure 2-9 which is a Block Diagram show-
ing the arrangement of this aquipment.

This equipment, since it all operates at low tempera-
tures, is housed within vacuum tanks or casings. A single exception is the low
temperature piping interconnecting components of the refrigerator. The warmer
sections of these lines, with a design condition from smbient temperature to
80 K are insulated with closed cell foam insulation with a vapor barrier. Below
this temperature the lines are vacuum insulated.

The heat exchangers, interconnectiung piping and valves
are contained within cold boxes (vacuum tanks) 1 to 5, These tanks are outside
the Cryogenic Building at grade elevation (73 ft above MS). They are mounted
in saddles and supported by concrete footings. Ome end of each tank projects
through the wall into the building. Cold nges 1 an§,2 are the warm end of the
refriggrator and are located to the west side of tﬁe Cryogenic Building, nearest
:heICEQpressor Station. Cold box 5 is to the east and houses the coldest
components.

The refrigerator assembly is arranged within the Cryo-
genic_Building in such a way that the process components, cold boxes, turbine
pods and most low temperature piping are oﬁ the 73 ft. elevation (Mezzanine).
Also located on this level is the refrigerator control room. Figures 2-10A and
2-10B are plan views showing the location of major components.

The lower floor (63 ft. elev.) contsins ancillary

equipment for the insulating vacuum vessels and the turbine machinery.
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Refrigerator Block Diagram
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\

Subsystems such as the electrical distribution and control, heat exchanger and
adsorber regeneration equipment, cooling water and the like are also located at
this level.

The pair of cryogenic adsorbers are mounted at this
level and project through the mezzanine floor. Process piping connections are
above the 73'_elevation,

2.3.2.3 Brief Description of Refrigeratiom Cycle

The refrigerator can be considered to be in two sec-
tions (see Figuras 2-11 and 2-12):

1. The main refrigerator which produces liquid helium
boiling at slightly ;bove atmospheric pressure at 4.61 K.

2. The subcooler section which maintains three liquid
hélium baths boiling at atmospheric and subatmospheric pfessurés at 4,61 K, 3,27
K and 2.49 K are known as the high pot (HX 10}, intermediate pot (HX 11 and 12},
and low pot (HX 13), respectively.

This section also contains the intermal portion of the
load circuit. This circuit provides a high mass flow of supercritical helium to
the load and return.

High pressure (HP) ambient temperature helium gas
enters the refrigerator from the compresgor station. Simultaneously low pres-
sure (LP), ambient temperature gas leaves the refrigerator for the compressor sta-
tion to be recompressed and returned to the refrigeration cycle.

The HP gas is cooled in the main refrigerator by heat
exchange with cold LP gas being warmed to return to the compre#sor station. The
source of the LP gas is: 1) vapor from the subcooler sectionm liquid pots and,

2) from the discharge of five sets of turbine expanders operating at different
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temperatures in the cycle, i.e., into expander 1 (two stages ~ 1Al and 1A2) at
185 K, into expander 2 at 69 K, into expander 3 at 25 K, into expander 4 at 12
K and into expander 5 at 6.3 K.

The output of expander 5 undergoes z Joule/Thompson ex-—
pansion which results in the production of two-phase helium (about 78% liquid)
at 4.61 K being delivered to the subcooler section HX 10.

Of the total ambient temperature HP gas delivered to
the refrigerator, about 35% is involved in expansion through expander 5 and the
- Joule/Thoupson process. The bulk {65%) had been extracted for passage through
the aforementioned turbine expanders.

The function of the turbine expanders is to cause the
helium gas to perform mechanical work and thereby extract energy from the gas.
The discharge from the turbine expanders, now at a lower temperature and pres-
sure becomes the major part of the return LP flow used to cool the inbound HP
flow,

The mechanical poﬁer extracted is delivered to the at-
mosphere at the cooling towers via a turbine oil loop and then via heat
exchangers to the cooling water system.

The subcooler section of the refrigerator provides for
the circulation of the 5 atm primary mass flow to the load and for cooling of
the return flow from the load. This is accomplished by a high mass flow, low
boost.pressure turbocirculator operating at load temperatures. Heat energy.
absorbed into this load flow from magnets, cryostats; piping and turbocirculator
and other components is transferred to the main refrigeration section via heat
exchange into baths of liquid helium boiling at subatmospheric pressures. P&I

Figure 2-11 delineates the route. The liquid in the intermediate pot is boiling
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at 3,27 K (0.35 atm). The liquid in the low pot is boiling at 2.49 K (0.1 atm).
The properties of the flow to the load are 2.59 X, 5.35 atm with a total mass
flow of 4154 g/s. The return flow is at 4.2 K, 4.2 atm and 4054 g/s.

The vapor pressure in the intermediate pot is
sustained by two stages of compreasion and the low pot by four stages of compres~
sion. The impellers for all four stages of compression are mounted on a common
turbocompressor shaft. The first compressor section transports the product from
the low pot (333 g/s) to the pressure of the intermediate pot. The second com-
pressor section transports the product from both the low and intermediate pot
(333 + 649 = 982 g/s) to the pressure .of the refrigerator return.

A 355 g/s HP flow, which is part of the feed to tur-
bine expander 2 is first sent to the external load shield at 15.7 atm and 40 K,
This gas is approximately at 9 atm and 69 K upon return from the shield.

The turbine expanders 1 to &4 are provided in redundant
pairs. This is for two reasons. The first being that malfunctions resulting in
downtime are mo?t likely to be meﬁhanical in nature. The second reason is that
the time required to cool the refrigerator and load from ambient to operating
conditions is considerably less when using both pairs of all expanders.

Expander 5, which is not reduandant, is a small and sim-
ple unit which can be isclated from the cycle, warmed up if necessary, repairs
effected, components replaced, and be returned to service in a short time, with
only a medest warming and with no loss of helium mass from the load circuit, al-
beit, with the accelerator magnets unpowered during this period.

Heat exchangers No. 1 and Ro. 2 are also provided in
redundant pairs with HX 1A and 2A occupying cold box 1 and HX 1B and 2B in cold

box 2.
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These parallel pairs of exchangers are to allow peri~
odic warming of one section during continuous operation, for the purpose of
deriming impurities from heat exchanger surfaces.

Dual, full flow adsorber beds operating at low tempers~-
ture for continuous adsorption of oxygen and nitrogen and a regeneration system
for adsorber cleanup, are also part of the refrigerator.

A small fraction of the load flow fluid (100 g/s) is
extracted at the load to provide cocling for the magnet electricsl leads. This
8as is warmed to ambient conditions in the process and is returned directly to
the Compressor Station. Make-up gas to the load loop is provided by the main re-
frigerator via the high pot exchanger HX 10,

Three calorimeters are part of the refrigerator. Two
of these are elecﬁrical resistance heaters in contact with the process gas.

One is in the shield load circuit, the second is in the primary load circuit.
Both are sized to simulate the full heat load of the circuit. Both sre piped

in a sefies/parallel arrangement to supplement a small external load or totally
substitute for an external load. They can also be used to measure the refrigera-
tor's capacity during diagnostics.

The third calorimeter substitutes for the lead flow ex-
traction of 100 g/s when no external load exists.

Refrigerator Circuit Design Pressures.

1. HP circuit heat exchangers, piping, turbines

adsorbers, flow meters = 20 atm
2. Medium pressure circuits (between expander sets) - 20 atm
3. 1P circuits = 5.4 atm
4, LP circuits (heat exchangers) - 6.8 atm
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5. Load eircuit heat exchangers, piping turbo-
COmpressors - 20 atm
6. Subcooler liquid pots - 20 atm
Along wifh other requirements imposed on the designer/fabricator, the pressure
vessels conform to the "ASME Boiler and Pressure Vessel Code, Section VIII -
Unfired Pressure Vessels". The piping conforms to “Code for Pressure Piping,
ANS]1 B31.3, Petroleum Refinery Piping".

2.3.2.4 Vacuum Vessels

A. Cold Boxes - Five horizontal cylindrical vacuum
tanks are employed, four of which honsg and provide the thermal insuiation for
the main refrigerator heat exchangers, vglvcs and piping.

The fifth tank, the subcooler section, contains the
liquid helium pots and associasted heat exchangers. Tank five (cold box 3) has
turbo pod which is mounted integral with the indoor end cap. The insulating vac-
uuym is common to both tack and pod.

Each vacuum vessel is designed to meet all require-
nents of the ASME Code for Unfired Pressure Vessels Section VIII, Division I,
for cylindrical vessels under external presure. The vessels are designed to
meet 10 psig internal and 15 psig external pressure at 100°F internsl and exter~
nal temperature. These vessels are not ASME code stamped since the maximum de-
sign operating pressure differential does not exceed 15 psi. All vessels (cold
box S5 has two) are equipped with a 10-inch captive.place type relief valve which
opens (2.125~-inch lift) as soon as the internal pressure goes positive. The re~
lief valve, when the internal tank pressure reaches 10 psig, is sized to vent
off the largest contained process fluid flow available should a line rupture.

These relief valvea are located on the out-of-doors section of the vacuum tanks.
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A cap will prevent rain and snow from reaching these relief valves and causing
- a malfunction.

The maximum compressor flow rate (4400 g/s) is taken
as the maximum venting rate in the first four cold boxes. Because of the stored
liquid in the pots of cold box 5, it is necessary to design for a higher venting
rate and two vent valves are provided which have a combined floﬁ capability in
excess of 10,000 g/s with the design 10 psi pressure drop.

These vessels have an internal diameter of 13 feet and
are of two lengths, 35 ft. 0.A. for cold boxes 1, 2 and & and 45 ft. for cold
boxes 3 and 5., They are of welded carbon steel.construc:ion, the shells béiug
rolled from 3/8" plate, SA 515 grade 70. The end caps are ASME elliptical 2:l
(SPUN) fabricated from 7/16" thick, SA 285 Grade C steel. External reinforcing
rings are employed on the shell. The vessels rest on two saddle type'subports.

Two 30" ID hatchways are provided for eatry and for
ventilation, one being located on the end inside the building with the other
outdoors mounted on the shell or end cap. The maintenance procedures will detail
the procedures required before and during “occupancy” of these vacuum tanks for
repairs and maintenance.

Portable ventilation fans exist that can be mounted on
the hatch flanges. They are hinged to easily swing away from this opening when
necessary.

| No permanent internal lighting is used, instead porta-
ble strings of lights are available. Grab irons are mounted within the tanks
where necessary for assistance in traunsiting the hatch.

Cold boxes 3, 4 and 5 are equipped with railed plat-

forms on the tank tops. These are connected via spanning walkways and a
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stairwvay and ladder to grade elevation. Access is_required to these tank tops
for purposes of operating the manual valves and maintenance of automatic valves
and other controls.

B. Adeorbers - The two vertical adsorber vacuum ves-—
sels are 5'-6" OD and are 16 feet tall. The design and material requirements
are identical with the cold box requirements. The two access hatches provided
in each vessel have a 20" ID opening.

C. Turbo Pods - The seven vacuum boxes which house
the turboexpanders are of rectangular shape with external ribs, The material
and design requirements are agein similar to those already described. Access
hatches of 18" size are located on either end of the box.

2.3.2.5 Cold Box Ipternal Piping

The process equipment contained within the five cold
boxes consists of heat exchangers, valves, temperature sensors, flow measurement
elements, pressure tap connections, both aluminum and stainless steel piping and
transition joints for aluminum/stainless steel piping connections.

The heat exchangers are clustered in ome or more
assemblies. The frames supporting these clusters are hung from the vacuum ves-—
sel support rings by slender tension rods to minimize the heat leak into the pro-
cess. |

Piping routes between tank penetration nozzles, heat
exchangers, valves and other components are arranged with ample loops to allow
for thermal contraction.

Cold box 5 and turbo pod & house the primary load cir-
cuit elements internal to the refrigerator. Within this volume the primary load

circuit traverses heat exchangers 11, 12 and 13 mounted within the liquid pots,
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the calorimeter when its use is r;quired and the circulation compressor (C3) as
well as mass flow meters at the exit to and return from the external load.

The primary load cireuit is designed for 20 ATM pres-
sure. The circuit operates at 5 atm during steady state conditions. During
cooldown this circuit supplies gas to the external locad at 15 atm. Should a mag-
net quench or other process disturbance occur, the circuit may go to 20 atm
before relief venting takes place.

The relief valve for the primary load circuit within
cold box 5/TP4 is not sized to vent gas from an external load. The original ac~
celerator design contained about 2 x 106 standard cubic feet of helium when at
operating conditions. Overpressure relief for the external load would, of neces-
sity, be pdsitioued along the run of the load circuit and be sized for the rate
expeéted.

It is intended that the refrigerator portion of the
load circuit is to be isolated from external sources of. overpressure by the
closing.of igolation valves which are provided. The makeup gas route from the
main refrigerator will also be isolated. The shutdown of turbine compressor C3
or the establishment of an internal bypass via the primary calovimeter is under
consideration.

Isolation of the external load from the refrigerater
also occurs upon rupture of the load circuit within CB 5/TP4 vacuum volume or
within the liquid pots. WNeither the vacuum vessel reliefs or the liquid pot re-
liefs are expected to be required to vent much, if any, of the external gas mass
in this situation.

The liquid pots are mounted on a frame in the same man-

ner as are the heat exchangers in CB 1 to 4.
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Each of the liquid pots is equipped with a 6" relief
line closed by a burster disc designed to relieve with an 80 psi differential
pressure across the disc. These relief lines vent to the atmosphere outsi&e of
the building imnediately after penetrating CB 5 vacuum vessel. The design pres—
sure of the pots, however, has been established at 20 ATM. This is done to pro-
tect the pots against overpressure from rupture of any of the primary load cir-
cuit components {piping or heat exchangers) within the pots.

The turbo pod 4 assembly of CB5/TP4 has mounted on it
turbine expander 5, turbine compressor C1/C2 and the slready discussed turbine
circulating compressor C3. |

The low temperature components are within the vacuum
envelope.

Heat exchanger HX 15 which cools liquid inbound to
the intermediate pot using intermediate pot vapor cutbound to the turbocompres-
sor increases plant efficiency by 5%.

All process heat exchangers are brazed aluminum, two
pass, counter flow, plate-fin type manufactured by the Trane Company, LaCfosse,
Wisconsin.

The LP return circuit working pressure is 6.7 ATM and
the HP iﬁbound circuit working pressure is 20 ATM.

The primary ioad circuit passages in the heat
exchangers in the low and intermediate pots as well as the make up passage in
the high pot have a working pressure of 20 atm.

All heat exchangers have been designed and fabricated

in accordance with the ASME Code for Unfired Pressure Vessels Section VIII.
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2.3.2.6 Cryogenic Adsorbers

Dual adsorbers, each in a separate vacumm vessel, are
empioyed to remove trace impurities of nitrogen argon, water vapor and carbon di-
oxide from the high pressure helium stream.

The adsorbent material is activated coconut shell car-
bon. Each adsorber bed, 48" diameter and 48" bed length, is designed for a 24
hour onstream cycle. The bed is sized for a design flow rate of 3343 g/s at 69
K and 16 atm with a design impurity of 50 ppm air by volume. Design output pu-
rity is less 1 ppm each of mitrogen and oxygen.

The beds are equipped with reinforced glass wool fi}-
teras at the inlet and discharge and a 10 micron filter downstream of the assem-
bly.

Automatic isolation of the bed in use is provided
should a process upset cause the helium stream temperature to rise sbove the de-
sign limit. Flow around the béd is provided by the opening of a bypass valve as
the isolation valves close. Provision exists for recooling the bed before it is
put back on stream.

2.3.2.7 Turbomachinery

A. Turboexpanders — All turbine expanders are of

Rotoflow Corporation manufacture using oil-brake dynamometers to absorb the

extracted power. Rotational speeds of the units and other information is given

in Table 2~1. The speed is adjustable to give a +10% to —40% range in power ex-
traction.
The turboexpanders extract approximately 350,000 watts

of energy from the process under steady flow conditions and almost twice that
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CRYOGENIC TURBOMACHINERY

EXPANDER TEMP.  WORK  IMPELLER SPEED

NUMBER IN {°K]) {kw) BIA. {cm] (1000 rpm)
1 185.0 109 114 48-50
2 695 162 114 48-50
3 25.0 42 66 48-50
4 124 37 76 30-44
5 6.3 10 4.4 40

“~OMPRESSOR

NUMBER
1A 25 20 109 18-20
1B 3.6 2.0 17 1820
27 46 124 15.2 18-20
2B 7.1 124 175 18-20

3 3.47 6.2 104 10-115

Table 2-1
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when both the A%B trains (primary and redundant pair) are operated
simultaneously.

These units are of the so called stiff shaft design to
insure that the first shaft critical speed occurs well above both the turbine
operating and trip speeds.

Shaft support is by means of high-rigidity, rugged-
duty combination journal and thrust bearings designed for high speed operation
and to withstand excessive loads which can occur with misoperation or with icing
of the rotor. The bearing design permits very close tolerances and provides
bearings which maintain shaft alignment and protect seals more effeétively than
the tilting pod type.

The turboexpanders are mounted in turbine pods, i.e.
vacuum chambers, and arranged in a way to provide two separate groups of
expanders, one (A) redundant to the other (B). Components of one train can
be worked on, including components within the insulating vacuum envéloPe,
without disturbing the operations of the companion train.

A rapid-acting trunion type valve closes the inlet to
each group of expanders or expander in a train., This valve is closed in approxi- -
mately 0.4 seconds after initiation of closure and protects agginst turbine
overspeed, excessive vibration, loss of bearing lube o0il pressure or loss of
bearing oil seal gas. The aforementioned parameters have one level of audible
and fisugl alarm prior to shutdown actioen.

The seal gas mentionmed above is part of the sealing
system which is designed 1) te prevent oil migrgtion into the process gas, 2)

minimize the flow of warm helium (seal gas) into the process, 3) prevent

39




cutleakeage of cold process gas, and 4) minimize th; flow of helium into the oil
loop.

The seals are of tapered, close fitting labyrinth de-
sign with a small flow of ambient temperature helium seal gas delivered to aﬁ—
ptoximately the center of the length of the labyrinth 0.D. This seal gas flow
divides with a small fraction flowing towards the process side and the remainder
flowing towards the oil bearing side and preventing migration of the oil towards
the process.

The seal gas pressure is controlled to be 2 to 3 pai
#bove the process pressure.

Variable area inlet nozzle vanes are mounté& on the
inlet of all turboexpanders. This unit permits flow rate variations of plus 10
and minua 40 percent of steady state design flow rates. These nozzles are used
to control flow rate rather than using an upstream throttling valve or bypass.
This is the most efficient method of controlling flow as it maximizes energy ex-
traction from the stream by the turbine wheel. The variable area is immediately
adjacent to the wheel inlet and velocity head values are preserved.

Where two expander sets are in éeries; the nozzlies for
the downstream expander are controlled to match the speed of this turbine with
the upstream unit. This insures equal loading and optimum efficienmcy for both
machines.

B. Turbocompressors - The C1/C2 turbine compressor

is required to pump helium vapor from the saturation temperature and pressure of
the intermediate pot and the low pot to a pressure greater than the main compres-
sor suction pressure plus the refigerator LP returu side heat exchanger pressure

drop.
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The Cl/C2 compressor is a single unit with four cen-
trifugal compressor stages on a single shaft. The first two stages, which con-
stitute the low pressure pump, takes suction from the low pot. The second two
stages, which is the intermediate pressure pump, receives flow from the first
two stages plus the iatermediate pot.

Under normal operating conditions the low pressure
unit operates with a suctiou of 0.1 ATM corresponding to the low pot temperature
of 2.49 K. The intermediate pressure pump operates with a suction pressure of
0.35 ATM (3.27 X) and will compress the helium vapor to about 1.4 ATM.

The compressor wheel array has a design rpm of about
18,000 and this can be varied up to 21,000 and down to near zero.

A variable speed, 75 HP, DC motor with a design rpm of
about 2,500 is coupled to a 7.76 to ! gear box to drive the compressor. The
critical speeds are estimated to be about 35,000 rpm, well above the operating
range.

With low heat locads in the pots, the vapor flow from
the pots will be reduced. Constant pressure will be maintained by a combination

. of speed decrease via automatic control and flow bypass back to compressor suc-
tion. This method will ensure a maximum surge margin.

The C3 turbine circulating compressor is a single-
stage centrifugal unit with a 4.1 inch dia rotor wheel operating at 10,000 rpm.
The méchanical arrangement of rotor, shaft, housing, drive, etec. is similar to
that of the Cl/C2 compressor.

The unit is driven by a 20 HP variable speed dc motor

coupled to a spéed increasing gear train.
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The compressor nbrmally operates with a suction pres—
sure of 4.15 atm and a discharge of 5.45 atm at 3.76 K and with a thruput of
4054 g/s. The compressor is designed to withstand and operate at a pressure of
20 atm.. The compressor is designed to accommodate flow variations from -40 to
+L0% of nominal flow rate.

C. Turbomachinery Alarms & Interlocks -~ Each expander

and compressor is equipped with alarms and interlocks to protect the equipment.
These alarms and interlocks have been designed into each of the local turbine
controls, are analogs, and do not rely on manual or computer interﬁace to pro-
tect the equipment. Each alarm is annunciated at each local turbomachinery con~
trol panel by audible means and light indicator.

The control computer monitors each alarm condition and
resultant action and can be programmed to take final sction if the coadition re-~
mains.

2.3.2.8 Low Temperature Process Piping

The low temperature process piping interconnects
piping circuits between cold boxes, turbine pods and adsorber vessels. The pro;
ceas lines are fabricated from type 304 stainless steel, Lines which aperate
" from 80 K and below are vacuum insulated. Process lines operating above 80 K
are closed cell foam insulated with a vapor barrier outer sheath.

The vacuum inaulated lines have an ocuter jacket of
stainless steel. The entire system.of lines were fabricated in specific spool
lengths at the Minnesota Valley Engineering Co., New Prague, Mimn. Each spool
has its own vacuum volume with long heat path end closures. No bellows are used
in the process piping or the vacuum casing. They are, however, used at the vac-

uum barriers at the spool ends.
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The assembly of the spools, requires a progressive fit-
ting of the spools between refrigerator components, with the mounting of pipe
supports as the assembly progresses. The process line spool comnection is a
field welded socket joint. Completed sectionp of process line, from say, valve
to valve or to a temporary welded end cap are given a pressure teat as reaquired
by ANST B31.3, Code for Pressure Piping. This test is followed by a helium mass
spectrometer leak check.

. Upont successful completion of these tests, the vacuum
enclosure at the spool joints is completed by first applying layers of
superinsulation with packets of gettering material to the process pipe. The vac-
uum casing consisting of split half shells is then welded in place and the vol-
ume is then pumped out.

Leak checks of the vacuum volume are then performed.

Each vacuum volume is equipped with a vacuum pump out
connection, a pressure sengsor and an overpréssure blowout plug which vents when
the vacuum volume goes to approximately 5 psig. The design of the piping routes
provide sufficient 90° and "U" bends to allow for thermal movement over a temper—
ature range of about 340 K {(adsorber bed reactivation temperature) to liquid
helium temperatures. The vacuum casing is designed to handle a thermal movement
caused by an smbient temperature range of -20F to 120F.

2.3.3 Control System

For control of the cryogenic system, a "standard" industrial
process control computer system will be used. The requirements in this regard
are 90 similar to those of the patrochemical industty, that it is possible to
choose from a large number of such systems, all well tested and unusually usger-

friendly. Such a system was purchased in 1981 for control of MAGCOOL, the pro-— .
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duction magnet testing facility. MAGCOOL has been on line for almost a year now
and has proven to be a great success. Benefits realized by using a commercial
system for cryogenic control include:

1. It worked the firsc try.

2. Reduced operating personnel.

3. Less costly than an inhouse developed system.

4. Minimizes operator error.

3. System documentation the responsibility of the supplier,

not the user.

Based on our experience a similar approach was takeﬁ for con-
trol of the CBA cryogenic system. Low bidder proved to be Anaconda Advanced
Technology (ANATEC), supplier of MAGCOOL controls. Architecture of the commer-
cial system (Fig. 2-13) is very close to a proposed design outlined in the origi-
nal BNL specification. At the top of the system is a PDP 11/44 host computer
(1) to be located in the local cryogenic operator area. Peripherals include an
alarm and logging typewritef‘(Z), program development CRT {3) and three color
graphics operator wori stations (4). The host provides drive capability for the
operator statiouns and performs communications, polling, data storage aund
retrival duties between distributed processors via a 1 megabaud data highway.

Coﬁpressor room and refrigerator hardware will interface to
2 dis;ributed PDP 11/34 computer (5&6) with a fully redundant hot backup system
in standby. Automatic switchover to the backup computer will occur within one
second of active processor failure. Two distributed remote satellite PDP 11/23
systems (7&8) were purchased for cryogenic control duties at sextant positions
4 o'clock and 6 o'clock of the ring. FEach consists of redundant design with

automatic failover capability. Initially these distributed microprocessors are
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downloaded from the host via the data highway. Loading includes the inartallg~
tion of an operating system, control logic and commuunications programs so the
distributed processors act as standalone process modules with communicatioms
to/from the host.

The entire control system is designed for reliability and ia ex~
tremely tolerant of electronic failure. WNormally the operators communicate with
the process through the host at the top of the system. If the host fails, the op-
erators can switch two of their work statioms to the PDP 11/34 and countinue to
monitor and control both compressor and refrigerator systemé.. During the host
failure period canﬁunciations to the distributed 11/23 microprocessors is lost
but they coutinue to perform their asaigned tasks acting as standalone indepen-
dent systems. All memory has battery backup for power failure ﬁrotection and
the processors have automatic restart upon resumption of normal LILCO service.
Standard subroutines parmit computer startup with predefined valve patterns and
the staggering of compreasor start to keep the substation from being overloaded
by motor inrush surge currents. Software interlocks and alarms will be used
extensively throughout the logic to protect against malfunction. Limits will
be placed on certain critical process varisbles and the operator locked out of
process areas where there is no need to provide interactive capability. A final
level of safety exists directly at the hardware in the form of mechanical relief
valves and/or hard wired interlocks which protect the system from operating con~
ditions that could possibly cause mechanical damage.

The ANATEC system was received July, 1983, Final in-house ac-
ceptance tests were completed in November, 1983. Applications programming began

in January, 1984.

46




3.0 OPERATING PROCEDURES, TRAINING AND ADMINISTRATION

3.1 Responsibilities for Safety, Operation and Maintenance

Safety is a line responsibility extending throughout the line organiza-
tions to all BHL employees. The Head of the Accelerator Development Branch
(AIB) of High Energy Facilities (HEF) has line responsibility to implement the
BNL safety policy at this facility. The Cryogenic Division Head is responsible
to the ADB Head to assure that these policies are adhered to by the Gryogenic Di-
vision personnel who will operate and maintain the equipment in this facilicy.

A HEF Safety Committee advises the ADB Head on matters of safety, but
has no line responsibility. |

The Associate Director for Saféty has requested that this facility be
reviewed by one or more BNL standing safety committees so that said committee(s)
may comment and make recommendations with regard to the safety of the operation.
This report is prepared for presentation to the reviewing committee(s).

3.2 Operator Trainiung

The helium refrigerator is a complex system and requires careful, par-
ceptive operation to develop its full capability. Wherever possible automatic
controls have been provided where the process is amenable to such control.

There are some processes and interactions between processes which can only be
controlled by operator intervention. This is especially true during start-up
and qhutdown of the system; The system has been designed so that there is pro-
tection (relief valves, etc.) againsc.operator error wherever possible,

3.3 Operating Instructions

Written operating instructions will be provided by Koch Process
Systems, the supplier of this equipment. The technicians who are to operate the

plant will receive classroom ianstruction to familiarize them with these
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instruections. The operators have general expertise in the cryogenic field and
specific experience with the classes of equipment, although smaller in size,
ugsed in the plant.

3.4 'Operating_Limits, Emergency Procedures and Test Plan

An overall Test Plan will be developed before Acceptance Testing of
the plant begina. Incorporated into the Test Plan wiil be Emergency Procedures
covering operator response for power failure, rain/flood, fire and oxygen
deficiency. Operating limits (which are the system parameter boundaries within
which the operators may operate at their option and outside of which they must
follow a prescribed course of action) will also be incorporated into.the Test
Plan. This test plan will be reviewed in committee and all proposed actions
carefully weighed. The Cryogenic Division Head is chairman of this committee

and has line responsibility for safety as well as other aspects of the testing.
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4.0 HAZARDS AND CONTROL
4.1 Hazards

4.1.1 Cryogenic Fluids

Cryogenic liquids present significant hazards because of their
intense cold and substantial gas production when warmed. The extreme cold not
only can cause tissue damage to personnel, but also can bring about changes in
the prbpertiea of metals and other materials. Asphyxiation and overpressure
hazards are created by the potential for production of large quantitites of gas.
Thesa problems require that careful attention be givgn to the storage, transfer,
and use of cryogenic liquids in order to assure the safaty of persoﬁnel working
with them.

4.1.2 Asphyxiation

Mechanisms do exist which could result in the release of helium
or, possibly, nitrogen into enclosed areas. The quantity and rate of gas.that
may be released is dependent on a mumber of variables. The principal conse-
quence of these accidents is the creation of an oxygen—deficient atmosphere. In
this analysis, any atmosphere with oxygen concentrations of 19.5%7 or lass is
defined (by OSHA 1910.94(d)(9)(vi)) as oxygen-deficient. The potential biologi~
cal effects of human exposure to oxygen deficient atmospheres (see Table 4-1)
are a strong function of the oxygen concentrations and the length of exposure.

For example, exposure to concentrations of leas than 6% oxygen
can pfoduce death in a short time, while exposures to 19% oxygen concentrations
for a long time are expected to produce only imperceptible physiological
reactions. Sudden changes in oxygen concentration (similar to the consequence
of a major accident in the tunnel) have beén studied in conjunction with.flying

at high altitudes. These studies indicate that even for drops in concentration
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TABLE 4-1

Effects of Exposure to Reduced Oxygen

Reduced
Judgement Time to
%0, Reduced Increased Memory, Loss of Time
PO, (at 760 Night Ventilation Motor Consciousness to Coma
(mmHg) mmHg ) Vision Rate Movements {minutes) {minutes)
159-73 20.9
135 17.8 Threshold
131 17.3 23X
117 15.4 Threshold
ils 15.0 Threshold
110 14.5 59%
105 13.9 207
92 Threshold
39 11.7 required 50%
increase in
86-73 11.4-9.6 illumina- 1.65 x normal 80%
tion to
73 9.6 see equal - 20 -
- detail
64 8.4 no further 5
increase
4] 7.9 10
56 7.4 5
52 6.9 ’ 1
49 6.5 2
35 4.8 1
32 4.2 1/2

Guyton AC (1971):
W.B. Saunder Co.:

Textbook of Medical Physiology, Fourth Edition.
Phildelphia, pp. 518-521.
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to as low as 10Z that diminished physiological capacity would not result in an
inability to respond for periods of up to 10 minutes.

4,1.3 Pressure Vessel or Piping Failure

A major failure of certain pressure vessels or interconnecting
piping could result in the release of significant quantities of helium or nitro-‘
gen into areas occupied by operating personnel. The maximum quantity available
for relesse in each location is listed in Table &=2.

Vessels or piping may fail while subjected to normal {(i.e.,
within the designed range) operating conditions from causes related to improper
design, material selection or assembly. Vessels or piping may also fail if they
are subjected to abnormal operating conditions due to instrument or control fail-
ure and/or operator error.

4.1.4 Roise

The effects of noise on people take many forms; it can be
physiological or psychological in nature. These effects include permanent hear-
ing loss, temporary hearing loss, interference with speech communication and var-
ious stress reactions. The effects of noise increase with both the intensity
and duration of the noise exposure. Continued exposure to high-intensity noise
such as generators, motors, or industrial processes can result in a loss of hear-
ing.

It is expected that high noise levels will be encountered in
the nyogenic Wing and, especially, the Compressor Room.

4.1.5 Fire

No flammable eryogenic fluids are used in this system.
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Table 4-=2
24 .8 kW REFRIGERATOR
APPROXIMATE QUANRTITY OF GAS BY LOCATIOR

Thousands of Standard Cubic Feet

LOCATION

HELIUM

NITROGEN

Normal

Normal

Capacity Qperation Capacity Qperation

Gas Storage (out-of-doors)

Buffer Tanks 160 9 0 v}
Bubble Chamber Tanks 2500 50 0 0
Liquid Ritrogen {out-of-doors) 0 0 1200 800
Compressor Building 48 48 3 3
Cryogenic Building
Cold Box #1 5 5
#2 5 1
3 12 12
#4 80 80
#5 480 480
Other . _26 _20
Total Cryogenic Building 608 598 L
Cryogenic System Total 3316 705 1203 803

|
n
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0il will be used as a lubricant and as a hydraulic fluid (in
the turbine brake circuit). Table 4-3 shows the quantity and location expected,
All oil_is in closed systems.
No special fire hazards are anticipated.
4,1.6 Electrical
No special electrical hazards exist in this system. ~
4.1.7 Mechanical |
No special mechanical hazards exist in this system.
4.1.8 Radiation
No radiation hazard exists in this location.

4.1.9 Magnetic Fields

No magnets are used in this system. The only magnetic fields

- are those generated in standard equipment, e.g., electric motors.

4.1.10 Explosive and/or Flammable Gases or Liquids.

See Section 4.1.5.

4.1.11 Toxic Materials

No toxic materials are used or handled in this system.

4.1.12 Air Pollution

There are no air pollutants released by this system during oper-

ation or maintenance periods.

4.2 Controls and Quality Assurance

4.2.1 Policy
The buildings which house the refrigerator have been built in

accordance with the applicable Federal and N.Y. State Codes. Electrical in-

stallation, fire protection, exits and all other features of the buildings are
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Table 4-3
24.8 kW REFRIGERATOR

APPROXIMATE QUANTITY OF OIL BY LOCATION

LOCATION QUANTITY TYPE
Gallons
Compressor Building 4400 UCON 170

Flash Point: 450°F

Cryogenic Building 1200 Light Spindle 0il
Flash Point: 380°F
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also in accordance with the applicable codes. The help and guidance of the S&EP
Division has been utilized for interpretation of these codes.

$.2.2 Quality Assurance

The refrigerator system is suppliad by the Koch Process

Systems, Inc. The contract with them specifies a quality assurance program that
applies to the materials and fabrication techniques used in the construction of
our eqﬁipment. Compliance wﬁs chécked by the CBA Quality Agsurance Qfficer and
by the cognizant Cryogenic Division Engineer. A quality control inspector based
near Koch was engaged to regularly visit the Roch plant and report to BNL his
findings. The documentation from this quality assurance program is.part of the
delivery to be received from Koch under their contract and will include reports

of all testing.

4.2.3 Safeguards
4.2.3.1 Cryogenic Fluids

Cryogenic fluids will be handled in accordance with
BNL Safety Manual, Section 5, Cryogenic Safety.
4.2.3.2 Asphyxiation
Oxygen deficiency monitors will be installed in each
of the buildings. Figures 4-1 and 4-2 show the location of the sensors. These
will aound an alarm in the refrigerator control.rooﬁ if oxygen concentration
falls below 19.5%7. Because of the expected high noise levels, strobe lights

as well as audible alarms will be used. Tests({!) have shown that helium gas

released inte air will rise and stratify. Thus, because the buildings are rela-

(I)Oxygen Deficieacy Hazard Induced by Helium Release in Accelerator Tunnel,
D.P. Brown and J.H. Sondericker, 1983 Particle Accelerator Conference, March
23, 1983,
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Oxygen Deficiency Monitors, Cryogenic Building
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tively high compared to the elevation of the occupants, there is a large margin

- of safety.

Both of these buildings are equipped with ventilation
systems which can draw fresh air into the building in case there is 3 low oxygen
level. The location and capacities of these ventilation gystems are shown in
Figures 4-3 and 4-4.

. The Operating Instruction section for Emergency Proce-
dures will require that the operators operate the exhaust fana whenever an oxy-
gen deficient atmosphere is indicated by the oxygen deficiency monitors. The
fans may be run at the operator's option when the oxygen concentration is more
than 19.5%. The compressor room faﬁs will be run for & large perceantage of the
time that the compressdrs are operating. This will be necessary in order to ex-
haust the air which is heated by virtue of the operation of the electric motors
driving the cﬁmpressors. In extremely cold weather it might be possible to run
the compressors with the roof fans off and atill maintain a comfortable tempera-
ture in the building.

The possibility of asphyxiation cannot be discounted
out-of-hand because the quantity of helium, if it were at smbient conditions,
contained by the piping and vessels is, in some cases, greater than the colume
of the building. The extreme example of this occurs iﬁ the Cryogenic Building.
Cold Box 5 contains cold helium which at ambient conditions would displace
480,000 cubic feet. The Cryogenic Building has a volume of 240,000 cubic feet.
If all this helium was released instantaneously into the Cryogenic Building and
formed a homogeneous mixture with the air, the oxygen content would drop to
about 7% which (see Table 4-1) comstitutes a severe hazard. There is even the

posgibility that the helium could displace the air entirely.
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While it is imposaible to predict exactly what will
happen in the case of a major equipment failure, it may be useful to examine an
accident beyond the usual single failure mode analysis to get a feeling for the
congequences of a double failure,

A double failure is necessary to produce this condi-
tion because all the helium volumes of consequence are at very low temperature
and, therefore, must be vacuum-insylated to prevent undue heat leak. 1In order
to produce a significant release, both the process piping or vessel must fail
and the vacuum tank must fail in such a manner as to deliver the helium into the
building. The possibility of occurrence for either of these events is extremely
low,

Most of the helium in Cold Box 5 is in liquid form and
resides in the three vessels (see para. 2.3.2.4) which share the insulating vac-
uum space of the cold box. Twe of these vessels are normally at a pressure
below atmospheric and the third is at 1.4 atmosphere absolute (6.2 psig). These
vessels are physically in the part of the cold box which is outside of the build-
ing.

Suppose a very large truck were to strike Cold Box 5
and impgrt enough energy to shift the cold box off its mountings. Furthgr sup-
pose that the three liquid-containing vessels inside were to move in such a way
that some of their connecting piping is severed. Also suppose that when the vac-
uum tank shifts it breaks the short piece of pipe between the vacuum tank and
the vacuum system isolation valve. This pipe i3 located inside the building.

When the liquid helium spills into the vacuum tank and
evaporates, the pressure will rise. The helium can find its way out through the

break assumed in the vacuum pump pipe and/or through the two 10-inch relief
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valves on the vacuum tank. These valves will relieve when the pressure is above
0.1 psi. The rate at which helium enters thé room is a function of the pressure
in the vacuyum tank and the size of the break, The pressure in the tank is a
very coﬁplic;ted function of heat transfer inside and outside the vacuum tank,
liquid helium level at initial conditions, leakage rate, etc. For this exer-
cise, assume that the conditions in the tank are such that the pressure ia the
vacuum tank rises to 2 psig.

The two 10-inch relief valves have a combined flow
area of about 1,000 sq. em. If the broken vacuum pipe has the flow area of a
10-inch hole {500 aq. cm.), then one~third of the helium will go into the room.

The vacuum tank has multi-layer insulation. Even
thoﬁgh the vacuum has failed this will considerably retard heat transfer from
the warm vacuum tank to the helium. A heat traqsfar.rate of 0.002 to 0.003 w-
em2x71 iz frequently used for cryogenic temperature vent lines in air. Assume
0.003 H—cm_z—K'I for the rate at the vacuum tank interface and at the cryogenic
vessel surface. On this bsasis, the calculated time to evaporate the 19,209
liters of liquid in Cold Box 5 is then six minutes. This will generate the
equivalent of 480,000 SCF of helium. Onﬁ-third finds its way into the building
at tﬁe average rate of 27,000 SCFM.

This helium gas would warm as it contacted the environ-~
ment outside of the vacuum tank. When the ODM alarm sounded the operator would
turu.on the roof fans. These fans would remove 50,000 CFM of heliumair mix-
ture. This mixture would probably be very rich in helium at the roof level in
the vicinity of Celd Box 5 so much 0f the helium would be removed by the fan at

that end of the huilding.
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The personnel hazard associated with such an accident
is very low except in the immediate vicinity of the leak. Any personnel close
to this point could suffer injury from freezing and/or death from suffocation.
The danger area would probably be quige small in area and eunshrouded in fog due
to condensation caused by the low temperature helium. Therefore, it is not
likely that anyone will unknowingly enter the area after the event begias.

The building make~up air intake is located along the
south wall between the 75-foot and 83-foot elevation. At this location it is
least likely to allow a recirculation of vented air/helium mixture,

The refrigerator control room is air conditione& and
its air supply is from out-of-doors. The control room is the ares of highest
occupant density, therefore, the exposura ﬁo the asphyxiation hazard is
minimized,

4,2,3.3 Pressure Vessel or Piping Failure

This equipment has been designed and fabricated accord-
ing to the ASME Pressure Vessel Code, Section VIII and ANSTI B31.3A, Refinery
Piping Code. Testing will be performed in accordance with th these codes,

Where vessels or piping are to operate at cryogenic
temperatures the material used is chosen to retaiam ductility at cryogenic
temperatures. Cracks or other flaws which might somehow be initiated de not
propagate to catastrophic size because of the material ductility and because
even 2 small leak is soon evident when the insulating vacuum fails and causes a
large increase in the heat load resulting in an aborted test or run. The heat
load would increase by a factor of about two when the vacuum spoils from 1 x

1074 to 3 x 1073 Torr.
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4.2.3.4 Egigsl

The hazard due to the high noise level in these build-
ings will be evaluated and safeguards instituted in accordance with BNL Safety
Manual, Section 2.4, Noise. The noise level in the Compressor Building will
probebly exceed 95 dBA. Personnel entering this area will be required to wear
ear plugs or ear muffs. When the system is operational, the noise level will
be measured and appropriate measures taken.

4.2.3.5 Fire

The 0il located in these buildings has z relatively
high flishpoint (Table 4-3) and is coutained in closed, metal sumps. The largest
sump has a capacity of about 300 gallons. The gas over the oil in the sump is
helium.

The fire alarm and protection system has been
described in Section 2.2.6. This system coupled with the absence of any highly
flammable materials in these buildings minimizes the fire hazard.

4.,2,3.6 Electrical
| Electric systems invoive 13.8 kV in the substation and
4160 VAC in the compressor motor power circuits. In addition, the normal power
distribution system has circuits of 110, 220 and 460 VAC.

The power distribution has been installed in accor-
dance with the National Electric Code and other codes which specify the equip-
ment to be used and how it must be installed. All exposed power bus and other
conductors are covered to prevent accidental contact.

The safe operation of the electrical system depends
about equally on design, training and administrative procedures; It is our in-

tent to prepare and exercise these procedures very carefully.
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4.2.3.7 Life Safety (Egress)

Lt is generally agreed that a prompt and safe egress
from 2 building is usually the single most important element in the overall life
safety design. The principles of the NFPA Life Safety Code which are promul-
gated in BMNL Safety Manual, Section 4.1.2,-“Hzans-of—Egress“ are requirements
for BMNL buildings.

Under the NFPA "Life Safety Code", a building is clas-
sified according to its intended use, contents and occupancy level. On the
basis of this classification the building is required to have certain character-
istics especially with regard to number of exits and travel distancés to exits.

The two buildings in which the refrigerator is house&
can reasonably be classified as ordinary or general induqtrial'usagé. Ordinary
hazard contents are classified as those which are liable to bura with moderate
rapidity or to give off a considerable volume of smoke, but from which neither
poisonous fumes nor explosions are to be feared in case of fire.

Under this clsaéification, with a sprinkler building,
the travel limit to an exit is 150 feet, In the Cryogenic Building (see Figure
4-3) the travel distance is 100 feet and it is 60 feet in the Comprassor Build-
ing (see Figure 4-6). The buildings, therefore, meet this requirement. They

also are in compliance with the other aspects of this code,
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5.0 ACCIDENT ASSESSMENT

For the most part, the nature and magnitude of the hazards associated with
the Helium Refrigerator are not substantially different from those encountered
frequently in industrial facilities. The controls that have been described in
the previous sections are those prescribed in BNL and DOE orders and should as-
sure that the risks of ?atality or serious property loss are no higher than
those commonly prevailing in similar work locations.

The only exception to the commonplace hazards is the asphyxiation hazard
which is discussed in the following paragraph.

5.1 Asphyxiation

In the original discussions of safety regarding the ISABELLE/CBA Cryo~-
genic System it was anticipated that the asphyxiation hazard in the tumnel would
fequire special consideration. This was due to the rather small cross-sectional
area of the tunnel, the large quantity of helium contained in tﬁé?equipment.and
the travel distance to exits. Those conditions are not found in these buildings
which are well-ventilated, contain only a comparatively small amount of liquid
helium and have good provisions for egress. Therefore, we do not feel that the
asphyxiation hazard is severe enough in these buildings to warrant special con-
cern with regard to life safaty.

when the Cryogenic System is expanded to prbvide cooling for a "load"
in the tunnel this analysis will be revised to address the problems peculiar to

the tunnel.
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